INTRODUCTION
Encapsulation is widespread amongst bacteria and is believed to contribute to resistance to desiccation, substrate adhesion and, in the case of invasive bacteria, resistance to host immunity . Escherichia coli produces more than 80 chemically and serologically distinct capsules, called K antigens (Jann & Jann, 1990 , 1992 . These capsules have been separated into three groups, I, I1 and 111, on the basis of chemical composition, molecular mass, intergenic relationships and regulation of expression (Jann & Jann, 1990; Pearce & Roberts, 1995) . The majority of extra-intestinal isolates of E. coli associated with invasive disease express group I1 capsules, with particular capsules being associated with certain diseases (Gransden et al., 1990) . Group I1 K capsules are expressed a t 37 "C, but not at 18 "C, and are linked to phosphatidyl-3-deoxy-manno-2-octulosonic acid (phosphatidyl-Kdo) at the reducing end of the polysaccharide (Schmidt & Jann, 1982 ; Bronner et al., 1993a, b) and resemble the capsules of Haemophilus influenzae and Neisseria meningitidis (Jann & Jann, 1992) . Abbreviation: Kdo, 3-deoxy-~-manno-2-octu~osonic acid (2-keto-3-deoxyoctonic acid); MDH, malate dehydrogenase.
Molecular genetic analysis of group I1 capsule gene clusters has revealed a common segmental organization consisting of three regions (I. S. Roberts et al., 1986 . Regions 1 and 3 are conserved amongst different group I1 capsule gene clusters, whereas the central region, region 2, is serotype-specific (I. S. M. Roberts et al., 1988; Boulnois & Roberts, 1990) . Region 2 of the E. coli K5 capsule gene cluster consists of four genes, kfiA, B, C and D, which are all transcribed in the same direction as the region 3 genes ( Fig. 1 ) (Petit et al., 1995) . Mutations in any of these genes abolish the production of any detectable K5 polysaccharide, indicating essential roles for these proteins in the biosynthesis of the K5 polysaccharide (Petit et al., 1995) . The KfiC protein has been demonstrated to be a glucosyltransferase which adds alternating glucuronic acid (GlcA) and N-acetylglucosamine (GlcNAc) residues to the non-reducing end of the K5 polysaccharide chain (Petit et al., 1995; Sieberth et al., 1995) . The KfiD protein has been purified and shown to be a UDP-glucose dehydrogenase and is responsible for generating UDP-GlcA, which is a substrate for K5 polysaccharide biosynthesis (Petit et al., 1995 ; Sieberth et al., 1995) .
Region 1 of group I1 capsule gene clusters consists of six genes (kpsFEDUCS) organized in a single transcriptional unit (Pazzani et al., 1993; Simpson et al., 1996) . The KpsF protein is not essential for encapsulation, but may play a role in the export of capsular polysaccharide (Simpson et al., 1996; Cieslewicz & Vimr, 1997) . The KpsE and KpsD proteins are believed to be involved in translocation of polymer across the periplasm and onto the cell surface (Bronner et al., 1993a, b; Wunder et al., 1994; Rosenow et al., 1995a) . The KpsU protein is a capsule-specific cytoplasmic CMP-Kdo synthetase enzyme (Pazzani et al., 1993; Rosenow et al., 1995b ) that generates CMP-Kdo for the synthesis of phosphatidylKdo, which is linked to the reducing end of group I1 capsular polysaccharides (Schmidt & Jann, 1982; Jann & Jann, 1992) . Mutations in either the kpsC or kpsS genes result in the accumulation of cytoplasmic K5 polymer which lacks any phosphatidyl-Kdo at its reducing end (Bronner et al., 1993b) . Hence, the KpsC and KpsS proteins may play a role in the substitution of group I1 capsular polysaccharides with phosphatidylKdo (Roberts, , 1996 .
Region 3 consists of two genes, kpsM and kpsT, which are expressed from a single transcript and are translationally coupled (Smith et al., 1990; Pavelka et al., 1994 In this communication we show that proteins for K.5 polymer synthesis a n d export a r e associated o n the inner membrane, probably in some form of polysaccharide biosynthetic complex. In addition, we demonstrate that the KpsC, KpsM, KpsS a n d KpsT proteins play essential roles in the assembly a n d maintenance of the polysaccharide biosynthetic complex. The release of the KfiA a n d KpsS proteins into the periplasm following osmotic shock suggests that the biosynthetic complex may be associated with sites of adhesion between the inner a n d outer membrane.
METHODS
Bacterial strains, plasmids and growth media. E. coli LE392, F-hsdR51 G (mK-rJ supE44 supF58 lac galK2 galT22 metB2 trpR55, was routinely used as the host for plasmids described in this report. E. coli Sure, e24-(mcrA) A(mcrCB-hsdSMRmrr)l72 s6cC recB recJ umuC::Tn5(KanR) uvrC supE44 lac gyrA96 relAl thi-1 endA1 F'[traD36 proAB laclqZAM15], was used for propagation of protein overexpression vectors pQE30, pQE31 and pQE32 (Qiagen). Plasmids used in this study are shown in Fig. 1 . Bacteria were grown in LB broth supplemented with (ml-l) 100 pg ampicillin, 50 pg chloramphenicol, 25 pg tetracycline or 25 pg kanamycin, where appropriate.
DNA procedures. Recombinant DNA procedures were performed by standard methods (Sambrook et al., 1989) . Restriction endonucleases and T 4 DNA ligase were purchased from Bethesda Research Laboratories and used in accordance with the manufacturer's instructions. Taq DNA polymerase was purchased from Amersham and PCR was performed as described by Saiki et al. (1988) . For direct cloning of PCRgenerated DNA fragments, blunt-ended vector DNA was modified by addition of an extra T residue at the 3' end using the tendency of Taq polymerase to catalyse addition of nontemplated extra T residues in the presence of excess dTTP (Hu, 1993) . Oligonucleotides used in this study for the amplification of the kfiA gene were 5'-TTACCCTTCCAC-ATTATACA-3' (PCR1) and Y-ATGATTGTTGCAAATAT-GTC-3' (PCR2) ; for the kfiC gene, 5'-CTATTGTTCAAT-TATTCCTGATAC-3' (PCR3) and 5'-ATGAACGCAGAA-TATATAAATTTAG-3' (PCR4) ; and for the kpsS gene, 5'-ATCCGGGGTACCATGCAAGGTAATGCAC-3' and 5'-GATCCGGGTACCTTAATAATAAACCGCG-3' (Fig. 1) . These PCR-amplified fragments were ligated directly into pQE ' T-vector ' for generation of 6-His-tag translational fusions.
Protein purification procedures. For overexpression of 6-Histag fusion proteins using the pQE series of vectors, bacteria were grown to late exponential phase (ODGoo 1.0 at 37 "C with shaking at 200 r.p.m.) and protein expression was induced by the addition of IPTG to a final concentration of 0.5 mM. After a further 240 min growth, bacteria were harvested by centrifugation (5000 g, 10 min, 4 "C) and the pellet was resuspended in PBS (approximately 1/20 of the original volume). Bacteria were then lysed by sonication using a Braun Labsonic (5 x 1 min bursts, 4 "C) and then centrifuged at 1OOOOg for 15 min at 4 "C. Fusion protein localized to the pellet was solubilized in buffer B (8 M urea, 0.1 M NaH,PO,, 10 mM Tris/HCl pH 8.0) by mixing for 1 h at room temperature. Any remaining insoluble material was removed by a further centrifugation step (10000 g, 15 min, room temperature) and the supernatant applied to a column of Qiagen Ni-NTA resin (2 ml bed vol.) following the manufacturer's instructions. The column was then washed with 50 ml buffer B followed by 250 ml buffer C (8 M urea, 0.1 M NaH,PO,, 10 mM Tris/HCl p H 6.3). 6-His-tag fusion protein was eluted from the column using 6 ml250 mM imidazole in buffer C and dialysed against 10 1 PBS overnight at 4 "C. 6-His-tag fusion protein was then purified to homogeneity using preparative SDS-PAGE and electroelution using a Bio-Rad model 422 electro-eluter cell following the manufacturer's instructions. Generation of polyclonal antibodies. Polyclonal antibodies were prepared as described by Harlow & Lane (1988) . Where necessary, background reactions of antisera against E. coli components were eliminated by pre-absorbing antiserum with acetone powders prepared from E . coli Sure(pQE30). AntiKfiD antiserum was obtained from K. Jann (Sieberth et al., 1995) . Preparation of membrane fractions. Membrane fractions were prepared as described previously (Bronner et al., 1993b) . Briefly, this involved harvesting 75 ml of culture by centrifugation at 10000 g for 10 min followed by resuspending the cell pellet in 3 ml ice cold T buffer (50 mM Tris/HCl pH 8.0, 30 mM magnesium acetate and 2 mM dithiothreitol). The cells were disrupted by passing three times through a French press chilled to 4 "C at a pressure of 75 kg ern-,. Intact cells were then removed by centrifugation at 10000 g for 10 min and the membranes harvested from the cell-free supernatant by ultracentrifugation for 60 min at 180000g at 4 "C. Membrane pellets were resuspended in 0-5 ml T buffer and stored at -70 "C. The level of contamination of membrane fractions with cytoplasmic components was assessed by determining the activity of the cytoplasmic enzyme malate dehydrogenase (MDH) for both fractions (de Maagd & Lugtenberg, 1986) .
Membrane fractions routinely contained < 3 YO total cellular M D H activity, suggesting negligible cytoplasmic contamination.
Cell fractionation generating outer-membrane, inner-membrane, periplasmic and cytoplasmic fractions was essentially carried out using the osmotic-shock method described by Wooldridge et al. (1992) . Cells from 5 ml of culture were washed three times in STE buffer (10 mM Tris/HCl pH 7.5, 10 mM EDTA and 25%, w/v, sucrose) and resuspended in 0.4 ml ice-cold water. Cells were then subjected to an osmotic shock by placing them on ice for 10 min, during which time the contents of the periplasmic space were released. The supernatant (periplasmic fraction) was collected following centrifugation at 12000 g for 2 min. The spheroplast pellet was resuspended in 0 4 ml T buffer and disrupted by sonication (Braun Labsonic sonicator) using three 15 s pulses. Membranes were collected by ultracentrifugation for 60 min at 180000 g at 4 "C giving cytoplasmic (supernatant) and membrane fractions (pellet). For separation of inner and outer membranes, membrane pellets were resuspended in 2 O/ O Nlauroylsarcosine (Whitfield et al., 1985) and subjected to ultracentrifugation as above, yielding outer membranes in the pellet, and inner membranes solubilized in the supernatant.
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Outer-membrane pellets were then washed once with 2 '
/ o
Sarkosyl and subcellular fractions concentrated essentially as described by Whitfield et al. (1985) . The level of contamination of cytoplasmic fractions with periplasmic components was assessed by determining the level of activity of the periplasmic enzyme alkaline phosphatase (de Maagd & Lugtenberg, 1986) .
Cytoplasmic fractions typically exhibited < 1 '/o total cellular alkaline phosphatase activity. The contamination of cytoplasmic fractions with membranes was determined by measuring the activity of NADH-ferricyanide dehydrogenase, an enzyme specific to the inner membrane (Hayashi et al., 1989) . Routinely cytoplasmic fractions contained 1-2 ' / o of the total NADH-ferricyanide dehydrogenase activity, indicating that the cytoplasmic fractions were free from membrane contamination. Contamination of periplasmic fractions with cytoplasmic components was assessed by determining the activity of the cytoplasmic M D H (de Maagd & Lugtenberg, 1986) . M D H activity could not be detected in the periplasmic fractions, suggesting that these fractions were essentially free of cytoplasmic components.
Western blot analysis. For SDS-PAGE, typically 10-15 pg of membrane fraction and 30-35 pg of cytoplasmic fraction were loaded onto the gel. Following SDS-PAGE, proteins were electroblotted from SDS-PAGE gels to Immobilon P PVDF membranes (Millipore) using the method of High et al. (1988) .
Detection of horseradish-peroxidase-linked secondary antibody was achieved using ECL-based detection (Amersham). 
RESULTS

Localization of the KfiA, KfiC, KfiD and the KpsC, KpsS and KpsT proteins
By constructing individual 6-His-tag fusion proteins ( Fig. 1 ) it was possible to purify the KpsC, KpsS, KpsT, KfiA and KfiC proteins. The purification of a 6-His-tag KpsT fusion protein is shown in Fig. 2 . Fusion protein yields were typically in the range 3-4 mg protein (1 bacterial culture)-'. The purified fusion proteins were used t o successfully generate rabbit polyclonal antisera. The KfiD protein had previously been purified and antisera to the KfiD protein generated (Sieberth et al., 1995) .
Membrane and cytoplasmic fractions were prepared from LE392(pPC6) and the negative control LE392(pACYC184) and subjected to Western blot analysis with antisera specific for the KfiA, KfiC and KfiD proteins encoded by region 2, and the KpsC, KpsS and KpsT proteins encoded by regions 1 and 3, respectively (Fig. 1) . The KfiA, KfiD and KpsC proteins were detected in both membrane and cytoplasmic fractions of LE392(pPC6) , with their predicted molecular masses of 27, 44 and 76 kDa (Fig. 3) . The KfiC, KpsS and KpsT proteins were only detectable in membrane fractions of LE392(pPC6), with their predicted molecular masses of 60, 44 and 25 kDa (Fig. 3) .
No proteins of similar molecular mass were detectable in fractions from LE392(pACYC184) in any of the Western blots (Fig. 3 ). An identical distribution of proteins was observed in Western blot analysis of membrane and cytoplasmic fractions of the E. coli K-l2/K5 strain MS101, which contains the K5 capsule genes on the chromosome (Stevens et al., 1994 ) (data not shown). Therefore LE392(pPC6) and its derivatives were used for further experimentation.
Western blot analysis of inner-membrane, periplasmic and outer-membrane fractions prepared by osmotic shock of LE392(pPC6) with all of the available antisera revealed that the KfiA, KfiC and KpsS proteins could be detected in both the inner-membrane and periplasmic fractions (Fig. 4) . The KpsC and KpsT proteins could only be detected in the periplasmic and inner-membrane fractions, respectively (Fig. 4) . Likewise the KfiD protein was only found in the inner-membrane fraction (data not shown). Western blot analysis of membranes prepared from strains LE392(pGPR115), LE392(pAS2) and LE392(pLES2) (Fig. 1) , demonstrated that the KpsC, KpsT and KpsS proteins associated with the inner membrane in the absence of other capsule-related proteins (data not shown).
Effect of region 1 mutations on the distribution of the Kfi and Kps proteins
T o investigate the interaction between different proteins in associating with the inner membrane, membrane fractions were prepared from region 1 mutants of LE392(pPC6) (Fig. 1) and subjected to Western blot analysis using antisera to KfiA, KfiC, KfiD and KpsT proteins and, where appropriate, antisera to the KpsC and KpsS proteins.
Western blot analysis of membrane fractions prepared from strain LE392(pPC3), which is deleted for the kpsE, kpsD and kpsU genes (Fig. l) , showed that the distribution of the KfiA and KfiC proteins was unaffected ( Fig. 1 ) restored the localization of these proteins to that seen in LE392(pPC6) (data not shown). The kpsC mutation had no effect on the distribution of either the KpsS or KpsT proteins (data not shown).
Western blot analysis of membrane fractions prepared from LE392(pGB118 : : l), which has a TnlOOO insertion in the kpsS gene (Pazzani et al., 1993) , showed that the kpsS mutation generated a similar phenotype to a kpsC mutation. In this case, there was a dramatic reduction in the level of the KfiA protein associated with the inner membrane ( Fig. 6 ) and, as with the kpsC mutation, the KfiC protein could not be detected in either the membrane or cytoplasmic fractions (Fig. 6) . None of the region 1 mutations affected the localization of the KfiD protein (Fig. 5 ) . Effect of region 3 mutations on the distribution of the KfiA, KfiC, KfiD and the KpsC and KpsS proteins (Fig. 5 ) . These mutations also had no effect on the distribution of the KpsC, KpsS and KpsT proteins (data not shown). However, Western blot analysis of membranes isolated from LE392(pPCl), which is deleted for the kpsEDUC genes ( Fig. 1) (Pazzani, 1992) , and LE392(pPC7), which has a mutation in the kpsC gene, demonstrated that the KfiA and KfiC were no longer associated with the membrane fraction (Fig. 5 ) . The KfiA protein could still be detected in the cytoplasm, but no KfiC protein could be detected in either the membrane or cytoplasm (Fig. 5 ) . Complementation of the kpsC mutation by the introduction of plasmid pGPR115
Western blot analysis of cytoplasmic and membrane fractions prepared from strain LE392(pPC6 : : 6) and LE392(pPC6: : 17), which have TnphoA insertions in the kpsT and kpsM genes, respectively (Fig. l) , failed to detect either the KfiA, KfiC or KfiD proteins in either fraction (data not shown). The introduction of plasmid pAS2 (Fig. l) , which contains both the kpsM and kpsT genes, failed to complement these mutations and restore K5 phage sensitivity. These data confirm recent findings (Stevens et al., 1997) that mutations in region 3 of the KS capsule gene cluster have a cis-acting polarity effect on expression of downstream region 2 genes. Western blot analysis of the same fractions using antisera to the KpsC and KpsS proteins demonstrated that the mutations in either the kpsM or kpsT gene had no effect on the On: Sat, 10 Nov 2018 06:28:13 Fig. 1 localization of either the KpsC or KpsS proteins into the membrane (data not shown).
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Fig. 5. Western blot analysis of membrane (a) and cytoplasmic (b) fractions of LE392 (pPC6) and derivatives (see
T o overcome the polarity effect of TnphoA insertions in region 3 on the expression of region 2 genes, it was necessary to provide region 2 in trans by introducing plasmid pAS26 (Fig. l ) , which expresses the kfiABCD genes (Petit et al., 1995) , into LE392(pPC6::6) and LE392(pPC6::17) . No KfiA was detectable in membrane fractions of LE392(pPC6: : 17/pAS26) and LE392(pPC6 : : 6/pAS26), although Western blot analysis of total cell lysates of LE392(pPC6: : 17/pAS26) and LE392(pPC6 : : 6/pAS26) confirmed that equivalent levels of KfiA were present when compared to LE392(pPC6) (Fig. 7) . The distribution of KfiD was the same in all three strains, whilst no KfiC protein could be detected in either the membrane or cytoplasm of strains LE392(pPC6: : 6/pAS26) or LE392(pPC6: : 17/pAS26) (data not shown).
DISCUSSION
In this communication we demonstrate that the KfiA, KfiC and KfiD proteins involved in the biosynthesis of the K5 polysaccharide are associated with the inner membrane. The lack of secretion signals and transmembrane domains in the predicted amino acid sequences of these proteins (von Heijne, 1994; Petit et al., 1995) suggests that these proteins are localized primarily at the inner face of the inner membrane. The demonstration that K5 glycosyltransferase activity is present on the exposed surface of inside-out innermembrane vesicles generated from K5-expressing strains (Finke et al., 1991) is consistent with our results.
The functions of the KfiC protein (glycosyltransferase) and the KfiD protein (UDP-glucose dehydrogenase) in the biosynthesis of the K5 polysaccharide have been determined (Petit et al., 1995; Sieberth et al., 1995) . (Pazzani, 1992) . One interpretation of these results is that the KfiA protein plays a role in the initiation of the polymerization of the K5 polysaccharide. The localization of the KfiA protein to the inner membrane is in keeping with a role in the biosynthesis of the K5 polysaccharide.
The KpsC, KpsS and KpsT proteins were associated with the inner membrane. The demonstration that the KpsT protein is associated with the inner membrane is consistent with its likely function in polysaccharide transport and confirms previous findings, which showed that the KpsT protein from the K1 capsule gene cluster is also associated with the inner membrane (Pavelka et al., 1994) . Whilst KpsM is not required for the as- synthesized polysaccharide might be the last stage prior to export across the inner membrane.
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Analysis of the predicted amino acid sequence of KpsC demonstrated the presence of two homologous domains within the protein. The first domain, A (coordinates 60-270), is 39.2% similar over 210 amino acids; the second domain, B (coordinates 387-598), is within KpsC (Fig. 8) . The high nucleotide sequence homology between the parts of the kpsC gene encoding domains A and B (58 % identity over 630 bp) suggests that these two domains may have arisen as a result of some form of gene duplication event resulting in the fusion of two smaller proteins to generate a larger hybrid protein with two homologous domains. A similar domain architecture can be identified within the meningococcal LipA protein, although the majority of the N-terminal end of domain A is absent from this protein (Fig. 8) . The RkpZ protein of Rbizobium (Sinorbizobium) meliloti, which is responsible for modulating the molecular mass of the group 11-like K antigen of this organism (Rheus et al., 1995) , has a single domain (Fig. 8) . The C-termini of the A and B domains of the KpsC protein also show limited homology to KpsS and the meningococcal LipB protein (Fig. 8) . The domain architecture of KpsC protein may reflect that this protein has two active sites which interact with the same or similar substrate(s) in two related reactions. Alternatively, the coming together of these homologous domains may be necessary for the formation of a single active site. The similarity between the C-termini of the A and B domains and KpsS suggests that the KpsC and S proteins may interact with the same substrate(s) and participate in related reactions. One possibility is the synthesis and attachment of phosphatidyl-Kdo to the reducing end of the polysaccharide chain (Roberts, , 1996 .
Mutations in the region 1 and 3 genes kpsC, kpsS, kpsM and kpsT eliminated detectable KfiA and KfiC o n the inner membrane. The KfiA protein could be detected in the cytoplasm, suggesting that in the absence of these proteins, KfiA was unable to be targeted to the membrane. The failure to detect any KfiC in these mutants may be explained by our findings that if KfiC is not associated with the inner membrane it is highly unstable and sensitive to host proteolysis (Griffiths et al., 1998) .
In this case, the failure of KfiC to become associated with the inner membrane would lead to its rapid breakdown. Therefore, these results would suggest that some form of hetero-oligomeric membrane-bound complex may be formed on the inner membrane comprised of proteins involved in the different stages of polysaccharide biosynthesis and transport. The observation that KpsC, KpsM, KpsS and KpsT are required to target the biosynthetic machinery (KfiA and KfiC) for K5 polymer synthesis to the inner membrane suggests that these proteins play critical roles in the formation and stabilization of such a biosynthetic complex on the inner membrane. The formation of such a multi-protein complex on the inner membrane would permit the initiation of polysaccharide synthesis, polysaccharide extension, the addition of phosphatidyl-Kdo and polysaccharide export to be co-ordinated spatially at one site. In addition, the complex formation could improve the efficiency of polysaccharide biosynthesis by increasing the effective concentrations of the necessary proteins at the site of polymer synthesis. Given that the KpsC, KpsM, KpsS and KpsT proteins are present in E . coli expressing different group I1 capsules (I. S. , it seems likely that inner-membrane complex formation may be a common feature for the export and synthesis of group I1 capsular pol ysaccharides.
Western blot analysis of the inner-membrane, periplasmic space and outer-membrane components of LE392(pPC6) following osmotic shock demonstrated that the KfiA, KfiC and KpsS proteins were released to differing extents into the periplasmic fraction as well as being associated with the inner membrane. In the case of the KpsC protein, osmotic shock resulted in KpsC in the periplasm with no detectable KpsC in the inner membrane fraction (Fig. 4) . The detection of these proteins within the periplasm following osmotic shock is a surprising result considering the lack of any secretory signals in the predicted amino acid sequence of this protein (Smith et al., 1990; Pazzani et al., 1993; Petit et al., 1995) . The observation that periplasmic fractions were free of cytoplasmic enzyme MDH (data not shown), and that Western blot analysis of the same fractions demonstrated that the KpsT protein was not released by osmotic shock (Fig. 4) , indicates that the release of the KfiA, KfiC, KpsC and KpsS proteins was not due to any loss of integrity of the inner membrane and contamination of the periplasmic fraction. Areas of osmotic shock sensitivity in the inner membrane, from where cytoplasmic proteins are selectively released into the periplasmic space, have been reported and such cytoplasmic proteins are referred to as group D proteins in E . coli (Beacham, 1979 , 1994) . The release following osmotic shock of the KfiA, KfiC, KpsC and KpsS proteins might suggest that the polysaccharide biosynthetic complex may be formed at sites of adhesion between the inner and outer membrane. These sites may be vital in permitting the transport of the polysaccharide chain from its site of synthesis on the cytoplasmic face of the inner membrane. The recent observation that the KpsT protein may be transitorily exposed in the periplasm (Bliss & Silver, 1997) would support the notion that there is a direct link between cytoplasmic components of the biosynthetic complex and the periplasmic space. The reasons why the KfiA, KfiC, KpsC and KpsS proteins appeared to be released to differing extents into the periplasm and why the KpsT protein remained associated with the inner membrane (Fig. 4) are unknown. One possibility is that this is a reflection of the architecture of the biosynthetic complex on the inner membrane which permits certain proteins, such as KpsC, to be more readily released following osmotic shock, whilst others, such as KpsT, are more tightly associated with the inner membrane. However, at this stage one must be cautious not to overinterpret this observation. Further studies are currently under way in our laboratory to elucidate the biosynthetic complex in more detail and to establish the role of KpsE and KpsD in the possible formation of adhesion sites and the transport of polysaccharide onto the cell surface.
